® 



3 



Europaisches Patentamt 
European Patent Office 
Office europ€en des brevets 



© Publication number: 



0 296 619 

A1 



© Application number: 88110125.7 
@ Date of filing: 24.06.88 



EUROPEAN PATENT APPLICATION 

© int.ci«: F01L 3/02 , B23P 15/00 



© Priority: 25.06.87 JP 97534/87 


© Applicant: Kawasaki Jukogyo Kabushikt 




Kalsha 


© Date of publication of application: 


1-1 Higashikawasaki-cho 3-chome Chuo-ku 


28.1Z88 Bulletin 88/52 


Kobe-shl Hyogo 650-91 (JP) 


© Designated Contracting States: 


© Inventor: Nlshiyama, Yuklo 


DE FR GB IT 


2-2-2, Hayashizaki-cho 




Akasht-shl Hyogo(JP) 




Inventor: Fujioka, Junzo 




335-33, Shimizu Uozumi-cho 




Akashi-shi Hyogo(JP) 




Inventor: Hlno, Haruki 




3-1-43, Kaminotani Suma-ku 




Kobe-shi Hyogo(JP) 




Inventor: Mlyashita, Takuya 




1-13-26-510, Tanaka-cho Higashinada-ku 




Kobe-shi Hyogo(JP) 




© Representative: Klunker . Schmltt-Nilson . 




Hirsch 




Winzererstrasse 106 




D-8000 MUnchen 40(DE) 



© Composite valve for reciprocating engines and method for manufacturing the same. 

© A composite follow valve for internal combustion engines such as an intake and an exhaust valve and the 
method for producing the same are disclosed. The valve is produced by integrating into the whole a valve head 
portion (2) molded from a lightweight, heat-resistant material selected from a group of titanium alloys and 
titanium-aluminium alloys, a stem portion (3) molded from a high-strength alloy steel, made hollow inside to 
reduce weight, and a stem end portion molded from a hard material selected from a group of martensitic 
stainless steel, silicon nitride and silicon carbide ceramics. 
^ Since the different materials of the separate vaive components are selected to meet the requirements of 
™ their particular functions and operating condition under which they are placed. Also, because of this separate 
0> arrangement, the valve can be produced at a relatively reduced cost, since the use of expensive materials is 
2 saved. Furthermore, the valve is molded, not in a whole body, but in separate components, there is no use for 
expensive isothermal forging machines as in the case of prior art production methods. 
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COMPOSE VAUVE FOR REOtPROOAT.NO AND «ETHOO FOR MANUFACTURING THE SA«E 

BACKGROUND OF THE INVENTION 

5 

1) Field of the Invention: 

The present invention re.ates to a composite holtov. vaive ^^SS^ " " ^ " 
exhaust valve. This invention also relates to a method for manufacturing the same. 

2) Description of the Prior Art: 

* hW eeanboedoo entfne » ^J^"~££2SZ^tt& 
enhance responsibility and performance at to" apeed ™ Japanese patent application 61- 

high temperatures. . mtake or exhaust valve consists in, first, 

Production of a titanium aluminides engine valve such as or vacuum arc me ,ting 

providing a titanium alumin.de billet as by argor . arc > metong. iJ-MJJ met g. ^ 

an engine vatve including a ^^^^^^^ 
different set of properties from one another for des.red vaive 'E2£T"~Ih te Qne of tnQ require ment S 

r,r^r^^^^^7tsr^ *- — — 

""•SSL. orodoeino the whole pads o. the engine vaWe hem enpenSve Mum elnntlnldea would not 
Ftothermore, the terming 01 an engine velee .n ^^^STmAm an essentia charaetarlstice ot a 

" urrr-sts sir: s »*, — . - 

W °te ptS'Zl'on'rhe.n proponed » e»mine» toe eboae-meneoned drawbeeha o. the eo.ven- 

. -.tsst- o, r p = sc-je-mt.s 

3S. :3S£3n— ~ M ao*» »*es - o»ac», add 
**% I. alao «M obiec, of the preaen. in.en.on to provide a method lor producing auoh edg.ne vnlvea. 
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SUMMARY OF THE INVENTION 



The above and other ob^ves. »«, ^^1^-^12 
integrating into a whole body the separate ' P^^^^a^^tetort material such as titanium alloys 
from one another; the valve head portion from a ^J^XhTgh strength alloy steel, made 
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made from selected materials to meet their required respective required properties in operation, the overall 
production cost can be relatively low, without giving unwanted, hence costly properties to each valve part, 
compared with conventional engine valves. In addition, since the valve is fabricated, not in a whole body, 
but in separate components, there is no need for expensive isothermal forging machines as in the case of 
5 producing internal combustion engine valves made of titanium aluminides. 

In addition, since the engine valve of the present invention has its head portion made from titanium 
alloys or titanium aluminides, with its stem portion being made hollow inside, the overall valve weight is 
likely to be smaller, or at least, no more than that of internal combustion engine valves made of titanium 
aluminides. 

to The table presented below compares the weight of an exhaust valve produced in accordance with the 
present invention with a typical conventional exhaust valve of comparable size and capacity, to be concrete, 
with a head diameter of 20 mm and a stem length of 90 mm for a 900 cc engine. 
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A kind of an exhaust valve 



Part Name Material . Weight (gr.) 

Composite Hollow Exhaust Valve of the Present Invention 

Head Titanium Alumnides 5.0 

Stem Chromium-Molybdenum Steel 9.0 

Stem end Martensitic Stainless Steel 2.0 

26 Overall 16.0 
weight 

Conventional One-Piece Exhaust Valve 

30 All parts Heat-Resisting Steel 32.0 



It will be apparent from the above table that the present invention can reduce overall valve weight by 

35 half. 

Reduction in valve weight would also contribute to minimizing valve vibrations in engine operation. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is an overall view of one embodiment of a composite valve for internal combustion engines 
according to the present invention; 

Figure 2 is a cross-sectional view of the valve of this invention showing the joint between its head 
45 and stem portion; 

Figure 3 is a cross-sectional view of the engine valve of this invention showing the joint between the 
stem portion and stem end portion; and 

Figure 4 is a side view of a composite valve for internal combustion engines showing the 
manufacturing methods according to the present invention. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



55 Preferred embodiments of the composite hollow valve for internal combustion engines according to the 
present invention will be described in full detail in conjunction with the accompanying drawings. 

Referring first to Figure 1 , a valve 1 for internal combustion engines, which should hereinafter should be 
meant to refer to both an intake and an exhaust valve, comprises a head portion 2, a stem portion 3, and a 
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t)am anrt QOrtion 4 each produced from a different material, formed into shape through separate 
tZSLES^ Some machining and other treatment operations being added as neoessary. 
and integrated into d ^ g closed connection hole s . 

ThoTSe IS o P r2Sed ?iZ2&Z£^* *&* of the stem portion 3. The fitting may be by any 
2£ ^ to nTmeZ. 9 such as shrinkage tit, ooid fit. brazing, or other meohanica. fltong ,n 
conjunction with or without one of two of these methods in combination. 

Se iem porSon 3 is constructed hollow inside to reduce weight. A core portion 6 ,s inserted into the 
hollow of Astern portion 3 at its top end. which is firmly secured in position as the above. 

™ iSd ^Trtion 2 may preferably be produced from a lightweight, heat-resistant matena. such as 
titan^m ^s or Sanium Iminides. The stem portion 3 may preferably be made ™™>™™%™°* 
from a low aLy lei such as chromium-molybdenum steel or a titanium alloy processed for abras,ve 
by Tufftride or moiybdenum flame spraying. Also, the stem end port.on 4 may preferably be 
nroduced from a very hard material such as martensitic steel or ceramics. _ . m 

P ™ forcing titanium aluminides for the head portion 2 may be an intermetal.ic ™^ aMmm 
and »um such as TiAt and Ti 3 Al. preferably with the mixture of one or more ad 
Nb W V Mn. and B to enhance the good properties of the material. In ™re cleta* ^ the mosl -desirable 
materials include, as TiAt. T-36AI and Ti-36At-5Nb as well as. as Ti 3 At. Ti-16M-10Nb and Ti-14At-21N, 

33 To lrIr:^X^ZT 2 £3?» the present invention, the mother material is produced 
from one o? the above-mentioned materials by argon arc melting, plasma arc melting or vacuum arc 
remelfing. and then is formed into shape by precision casting, isothermal forging, extrusion, hot isostatic 
press, with, if desired, suitable thermal treatment and machining work. increased 

Among the foregoing titanium-aluminides for the head portion 2. Ti 3 At alloys provide 
formabX whHe T.AI alloys being excellent in resistance to high temperatures. Thus, se ecton of materials 
byTi designer Jy depend on the purpose for or operating condition under which his valve to be 

deV tZ£lT*: head portion 2 and the stem porfion 3 are manufactured from the same materia, of 
titanium allov a concrete example of this material may be TI-6AI -2Sn-4Zr-2Mo. 

men S ^ portion 2. L stem portion 3 and the stem end portion 4 of the intake « 
of an internal combustion engine are each produced, according to the present invention ^*ffcjent 
material that meets their particular requirements of operation, the production cost for the valve ^as a who e 
wouW ^reduced, without reducing properties of the individual parts hence possibly correspondingly 
costing, properties, compared with conventional engine valves. . /ma . - ._„. 

In addition the valves can be manufactured in divided sections, the conventional employment of large 
fo rging ^acTnes fs eliminated, with a resultant further reduction in production cost, furthermore the overa. 
wX? of the intake and exhaust valves thus produced can be smaller than, at least equal to that of 
conventional engine valves since their head portions 2 are made from a lightweight ■ ™ter.a> w* a to* 
Seme gravity such as titanium alloys or titanium aluminides. with the stem portions 3 bemg bu.lt .n hollow 

Stm Re r femno to then Figure 4. the method for manufacturing a composite hollow valve for internal 
oombSn engine i be 9 described. The head portion 2 of the valve is formed in its center -wrth a closed 
coition hole 5. A number of circumferential grooves 5a are cut in the ins.de wall of the hole 5. which is 

^Z^?l£SS££ -de iarger-in diameter than the rest of its body. The stem 

^Wi* SeTrn^n 3 inserted into the hole 5 of the head porfion 2. the joint is exposed to uniform 
heatiTby a high-frequency heating device 7. When the temperature of the joint .s ^eased to a 
Predetermined high level, pressurized inert gas is supplied from the oppos.te open end of the stem portion 
, I Z^!T M L portion', so that the gas inside undergoes an instantaneous ^^S^SS 
the enlarged end of the stem portion 3 to expand outwardly against the ms.de wall of the hole 5 in the head 

2 ^r.rirer 9 por«on. not shown, is fitted to the opposite end of the sten ^ 
assembled valve may be treated with the necessary steps of machining work and treatment to make it an 

' '^e^T^ng to the present invention can shorten ^l"^**"^^^ 
internal combustion engines since joining the components can be achieved in a short penod of time. Also, 
the method can insure connection between the parts. 
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Claims 

1. A composite valve for internal combustion engines, comprising a head portion (2) having in its center 
a closed hole (5) for fitting connection, said vaJve head being adapted to close and open the port of a 

5 cylinder head, a valve end adapted to receive linear thrust for valve operation, and a stem portion (3) 
interconnecting said valve end with said valve head, said stem portion (3) being fitted into said hole with its 
one end while a stem end portion (4) being secured to said stem portion thereby assembling a whole valve 
body. 

2. A composite valve as set forth in Claim 1, wherein said head portion (2) is manufactured from a 
w substantially lightweight, heat-resisting alloy material. 

3. A composite valve as set forth in Claim 1 or 2, wherein said stem end portion (4) is manufactured 
from a substantially hard material. 

4. A composite valve as set forth in any of the claims 1-3, wherein said stem portion (3) has an axially 
hollow bored therein and is manufactured from a high strength alloy material, 

15 5. A composite valve as set forth in Claims 1-4, wherein said head portion (2) is manufactured from a 
material selected from a group of titanium alloys and titanium-alumlnides. 

6. A composite valve as set forth in Claims 1-5, wherein said stem end portion (4) is manufactured from 
a material selected from a group of martensitic stainless steel, silicon nitride, and silicon carbide ceramics. 

7. A composite valve as set forth in Claims 1-6, wherein said stem portion (3) is manufactured from a 
20 material selected from a group of alloy steels» soft nitrided titanium alloys, and titanium alloys coated with 

molybdenum by thermal spraying. 

8. A method for manufacturing a composite valve for internal combustion engines, comprising the steps 

of: 

providing a head portion (2), a stem portion (3) with an axial hollow formed therein, and a stem end portion, 
25 boring an axial closed hole (5) in the center of said head portion (2), 

forming a number of circumferential grooves (5a) in the inside wall of said hole (5). 

connecting said stem portion (3) with said head portion (2) by inserting one end of said stem portion (3) into 
said hole (5), 

exposing said head portion (2) with said end of said stem portion (3) being held inserted into said hole (5) 
30 to heating by heating means, 

supplying pressurized inert gas from the opposite free end of said stem portion (3) through said hollow, 
while said head portion (2) being heated, until said joined end of said stem portion (3) to swell outwardly in 
thermal expansion within said hole (5) to pressure fit therebetween, and 
securing said stem end portion (4) to said free opposite end of said stem portion (3). 
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FIG. I 
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